OBJECTIVES: Investigate associations of diffuse idiopathic skeletal hyperostosis (DISH) with self-reported and measured physical function in older adults. DESIGN: Cross-sectional analyses of data collected in 1992-96 from a longitudinal cohort. Setting: Research clinic within a community. PARTICIPANTS: Community-dwelling men (n = 630) and women (n = 961), mean age 71.5 years (SD = 10.8), from the Rancho Bernardo Study. MEASUREMENTS: DISH assessed from lateral thoracic and lumbar spine radiographs; self-reported difficulty bending over to the floor, walking 2-3 level blocks, or climbing 1 flight of stairs; performance-based measures of grip strength and chair-stand testing (ability to stand up and sit down in a chair 5 times without using chair arms). RESULTS: DISH was present in 25.6% of men and 5.5% of women. In age and sex-adjusted models, those with DISH had 1.72-fold increased odds (95% CI: 1.13, 2.62) of self-reported difficulty bending; this remained significant after further adjustment for Cobb angle, weight, stroke, arthritis, and exercise, OR = 1.69, (95% CI: 1.07, 2.66). In fully adjusted multivariate models, those with DISH had worse grip strength, À1.08 kg, P = .01, but did not differ from those without DISH on walking or climbing stairs. In sex-stratified, fully adjusted models, among men only, those with DISH were 2.17-times (95% CI: 1.04, 4.52) more likely to be unable to complete 5 chair stands without using their arms. CONCLUSIONS: DISH was less prevalent in women but affected almost one-quarter of older white men. People with DISH are more likely to experience physical functional impairment, suggesting that DISH has clinical correlations and is not an incidental radiographic finding.
D
iffuse idiopathic skeletal hyperostosis (DISH) is a non-inflammatory skeletal disease characterized by ligamentous ossification of the anterolateral spine, but very little is known about its clinical implications. Estimates of the prevalence of DISH range from 10% to over 40% depending upon the cohort. [1] [2] [3] DISH is approximately twice as common in older men than women. 4 The distinctive radiographic finding is flowing calcification and ossification along the anterolateral aspects of at least 4 contiguous vertebral bodies, with preservation of the affected levels' disc space. DISH can involve multiple vertebral levels and extend across the cervical and thoracolumbar regions of the spine. Similar ossification can be seen at the shoulder, iliac crest, ischial tuberosity, trochanters of the hip, tibial tuberosities, patellae, and bones of the hands and/or feet. 5 Limited motion of the thoracic spine is the most commonly reported abnormality, and older adults with DISH report more overall physical and spinal disability compared to age-matched controls. 6 DISH has also been associated with back pain in some, but not all, studies. 2, [6] [7] [8] Unfortunately, little is known about the clinical implications of DISH, in particular its impact on objective measures of physical function.
The characteristic ossification of the anterior longitudinal ligament in DISH may inhibit the ability to perform physical function tasks that require flexibility in the spine. Basic activities of daily living (ADLs) such as bathing, dressing, toileting, and physical function tasks such as standing up from a chair and reaching require flexibility in the spine that may become limited with DISH. For example, the spine may be unable to extend to shift the body weight appropriately during the transition from sit to stand. In cadaver studies, transection of the anterior longitudinal ligament resulted in a 16 degree mean increase in thoracic spine extension, 9 supporting the potential role of DISH in limiting certain physical functional activities.
Furthermore, spinal stiffness associated with DISH may have a negative impact on overall physical strength and physical activity, however this has not been well established.
Given the limited knowledge about the clinical implications of DISH in older populations, and that functional deficits associated with DISH have been limited to selfreported limitations in physical function, we conducted a cross-sectional study to investigate the association of DISH with self-reported and objectively measured physical function in a large community-dwelling cohort of older adults.
METHODS

Participants
In 1972-1974, 6,629 adults representing 82% of adults from the predominantly white and middle-to upper-middle class southern California community of Rancho Bernardo were enrolled in a study of heart disease risk factors. These individuals have been followed ever since with periodic research clinic visits (approximately every 4 years) and yearly mailed surveys. In 1992-1996, 1,780 individuals aged 50 years and older, representing 80% of the original cohort, participated in a follow-up research clinic visit focused on skeletal assessment of osteoporosis (Osteo II). Bone mineral density (BMD) was measured at the hip and spine, lateral thoracolumbar spine radiographs, and measures of physical function were obtained at this visit. After excluding 175 lateral thoracic and lumbar spine radiographs of insufficient quality to measure DISH, and 14 reporting Parkinson's disease, there remained a total of 1,591 participants (630 men and 961 women) who were included in this cross-sectional study. Missing physical function and other covariate measures reduced the sample further so that analyses included 1,415 to 1,589 participants, depending upon the outcome (Figure 1) .
The Human Research Protections Program of the University of California, San Diego, approved this study. All participants gave written informed consent prior to participation.
Measurements
Definition of DISH
Diffuse idiopathic skeletal hyperostosis (DISH) was assessed from lateral thoracic and lumbar spine radiographs obtained at the Osteo II visit using the standard Resnick radiologic criteria of: (1) the presence of flowing calcification and ossification along the anterolateral aspect of ≥4 contiguous vertebral bodies, (2) a relative preservation of disc height, and (3) absence of apophyseal joint bony ankylosis, sclerosis, or bony fusion. 10 An experienced radiologist read the radiographs once. A previous study reported a kappa of 0.9 (95% CI: 0.8, 0.9) for the intrarater agreement in repeat assessments of DISH from the same radiograph. 11 
Physical Functions
A hand held dynamometer (Therapeutic Instruments Hand Dynamometer) was used to measure grip strength (kg) in each hand. One practice trial and two test trials were performed, and the maximum grip strength value of the hand that was the highest was used in the analysis. Participants were timed performing the chair stand test where they were asked to stand up and sit down in a chair 5 times without using their arms. 12 A categorical variable was created to classify subjects as never having to use their arms versus those having to use their arms at least some, or all of the time while performing the chair stand test. Participants were interviewed and asked whether they had difficulty (yes/no) bending over to the floor, walking 2 to 3 blocks on level ground, or climbing 1 flight of stairs.
Covariates
Questionnaire
Educational level was obtained at previous visits. At the Osteo II visit, self-administered surveys were used to obtain information on age, sex, and history of physician diagnosed medical conditions including stroke, hypertension, myocardial infarction, diabetes, Parkinson's disease, chronic obstructive pulmonary disease, osteoarthritis, and osteoporotic fractures. Reported hip, spine, wrist, and clavicle fractures were confirmed by medical record review. Self-administered surveys were also used to obtain information regarding health behaviors including smoking (current/past/never), alcohol consumption (drinks per week, mL/wk, and >12 drinks in the past year), back pain (no/yes), and exercise ≥3 times per week (no/yes).
Examinations
During the clinic visit, bone mineral density (BMD) of the total hip, femoral neck, and lumbar spine were measured using dual-energy x-ray absorptiometry (DXA) (QDR 1000; Hologic, Inc., Waltham, MA). Total hip BMD of the femoral neck, intertrochanter, and greater trochanter and spine BMD, the average BMD of the lumbar vertebrae L1-L4, were ascertained from the Hologic reports. Using a phantom standard, daily calibration of the DXA scanner yielded measurements precision of ≤1% for the spine and ≤1.5% for the hip. Height and weight were measured with participants in light clothing and without shoes; body mass index was used as an estimate of obesity and calculated as kg/m 2 .
Statistical Analysis
Comparisons of men and women, and of those with and without DISH, were performed with t-tests for continuous variables and chi-square analysis for categorical variables. Age-and sex-adjusted logistic regression analyses were performed to calculate the odds of self-reported difficulty in bending, walking, or climbing, and inability to perform the chair stand test without the use of arms by presence of DISH. For measured hand-grip strength, multivariable linear regression was used to assess the association with DISH. Variables were examined as possible confounders using chi-square analyses for categorical variables and ttests for continuous variables to test for differences by DISH and by poor physical function; variables with differences at P < .10 were added to multivariable models and backward selection techniques (P < .10) were used to improve model fit. Because of observed sex differences, a sex by DISH interaction was added to these models. We performed sensitivity analyses with BMD (total hip and spine), and back pain included in the models to determine whether they had an effect on the associations, and to assess bias from missing data. Sex specific models were run examining the associations between DISH and poor physical function separately within men and women. SAS 9.4 software was used for all analyses (SAS Institute, Cary, North Carolina).
RESULTS
Characteristics of the sample overall, as well as sex specific means and proportions for men and women on selected characteristics, are shown in Table 1 . The mean age of the overall cohort was 71.5 (SD = 10.8) years; women comprised 61% of the sample. DISH was approximately five times more prevalent in men (25.6%) than women (5.5%).
Men had approximately 5 degrees lower Cobb angle of kyphosis, weighed more, and had higher BMI than women. A greater proportion of men reported having diabetes, whereas a greater proportion of women reported arthritis, less frequent exercise, and had lower measured hip BMD (Table 1) .
Compared to those unaffected, those with DISH reported more diabetes and stroke (Table 2 ). They were also slightly older, had significantly higher BMI, hip BMD, and weight. A significantly larger proportion of participants with DISH compared to those without DISH reported difficulty bending, and had difficulty with the chair stand test although they had higher grip strength. In women only, those with DISH reported more health limitations and a lower proportion reported exercise three or more times per week (data not shown).
The odds ratio was estimated from logistic regression models after controlling for age and sex (Table 3) , and DISH was associated with increased odds of 1.72-fold of self-reported difficulty bending (95% CI: 1.13, 2.62). There were no associations between DISH and the other selfreported physical function measures of walking or climbing or the measured ability to complete 5 chair-stands without the use of the arms after adjustment for age and sex. After additional adjustment for Cobb angle, weight, stroke, arthritis, and exercise, DISH remained significantly associated with increased odds of self-reported difficulty in bending, OR = 1.69, (95% CI: 1.07, 2.66). DISH was not associated with measured grip strength after adjusting for age and sex (model 1, b estimate: À0.65 kg, P = .14), but in fully adjusted multivariable models lower grip strength was significantly associated with DISH (model 2, b estimate: À1.08 kg, P = .01). We performed sensitivity analyses using total hip and spine BMD in the models, as well as using a restricted sample with no missing data for all physical functional outcomes (n = 1,554), and our results did not appreciably change. Given the sex differences in the prevalence of DISH, we tested for effect modification and found significant interactions of DISH and sex for stair climbing (P = .02), chair stand (P = .08), and grip strength (P = .10) (Table 4) . Therefore, analyses were repeated after stratification by sex (Table 4) . Among men only, those with DISH were 2.17-times (95% CI: 0.1.04, 4.52) more likely to be unable to perform the chair stand test without using their arms (P = .04) after adjustment for age, Cobb angle, weight, stroke, arthritis, and exercise (Table 4) . However, there were no significant associations with DISH for any of the other physical function measures in men and there were no significant associations of DISH with any of the physical function measures in women.
DISCUSSION
In this cohort of community-dwelling older adults, we found DISH in approximately 25% of the men and 5% of the women, consistent with some but not all previous findings.
1,2,4 DISH was associated with impairment of both objective (lower grip strength) and self-reported measures of physical function (ability to bend) in both men and women, and men with DISH had significantly more difficulty completing the chair stand test without using their arms than those without DISH.
These findings are in accord with those of a previous study that described self-reported physical and spinal disability among those with DISH. 6 In contrast to that study, our results are independent of variables known to impact physical function such as weight, stroke, arthritis, and exercise. Adjusting for these variables did not alter our results. Furthermore, to our knowledge, this is the first study that has reported associations of DISH with objective measures of physical function such as grip strength and chair stand.
The significant interactions of DISH and sex for the chair stand test, stair climbing and grip strength suggest that DISH may have different clinical implications for men and women. While the results were not significant in the sex-stratified analyses for stair climbing and grip, sex did affect the ability to perform the chair stand test among men with DISH. In this study, more women than men had arthritis and exercised less than three times per week, both factors that can influence the ability to perform the chair stand test. It is possible that adding DISH to the equation did not confer any additional effect in women because arthritis and poorer physical conditioning already compromised them. We also cannot exclude the possibility that the low prevalence of DISH in this sample of women made effects too small to detect.
The results of this study suggest that DISH should be considered as a predictor of poor physical function. Grip strength is an indicator of general body strength and has been shown to predict falls in epidemiological studies of older men and women. 13 Grip strength in midlife has also been reported to predict walking disability and self-care disability 25 years later.
14 Moreover, the chair stand test is a reliable and valid measure that reflects an older person's lower extremity function, 15 and is often used as a fall screening tool. Taken together, the physical function impairments that we found associated with DISH may increase their risk of falls, a possibility that warrants further study. Several limitations and strengths of this study were considered. First, this older cohort was predominantly white, well educated, and middle class; thus, results may not be generalizable to older adults with lower socioeconomic status who are at increased risk for co-morbidities. However, this homogeneity means that results are not confounded by differences in these factors or a lack of access to care. Second, the chair stand test was recorded as a categorical instead of continuous variable (i.e., time needed to complete 5 chair stands), and might not have been sensitive enough to detect differences between those with and without DISH in women; this could have affected our results in men as well. Third, we considered including BMD and back pain as potential covariates because they are known to affect physical function, however, they did not meet criteria during model selection. Furthermore, sensitivity analyses that included BMD and back pain showed that their presence in the models made no difference on the estimates. Fourth, while we might expect that poor physical function would increase with greater spinal involvement of DISH, we were unable to investigate this because our DISH data were categorical (yes/no); the films were never digitized and were no longer available for viewing. Fifth, our sample varied depending upon the variables included due to missing data. We did not want to restrict the sample in our analyses because we would have had to create a restricted sample of 1,554 due to missing data in any one of the 5 physical function outcomes. We did determine that there was no differences in the baseline characteristics in the restricted sample compared to the total sample of 1,591 and concluded that we did not introduce bias. This study has a number of strengths including the fact that this sample was from a large community-based cohort of older men and women, and there were a sufficiently large number of men and women to allow an investigation of sex interactions.
In conclusion, we found that DISH was common in this community-dwelling sample of older adults, affecting approximately 25% of the men. Results of this cross-sectional study show that older persons affected by DISH exhibit worse self-reported and objectively measured physical function, including self-reported difficulty bending and lower grip strength, and that older men with DISH had more difficulty rising from a chair. Given that DISH so commonly affects older men, prospective studies are warranted to further investigate the causes and clinical sequelae of DISH, and to determine how DISH affects physical function over time. Interaction between DISH and sex.
